M sucrose and 1 mM EDTA; PES-P, 10 In the present study, we have used GA4, a highly biologically active GA in the cucumber hypocotyl bioassay (3, 6) . Initial in vivo studies using cucumber hypocotyl slices, incubated in [3HJGA4 solution and extracted in a similar manner to that described for pea epicotyl tissue (5) , indicated that [3H]GA4 was specifically bound to a macromolecular component. This binding differed from that in pea in being highly labile and exchangeable with unlabeled GA4 (unpublished results). The present report shows that [3H]GA4 can be reversibly and saturably bound in vitro to a soluble protein with high affinity. This binding is pH-sensitive and can be competed for by biologically active GAs but not by inactive GAs or other plant hormones.
MATERIALS AND METHODS Plant Material. Cucumber seeds (Cucumis sativus L. cv. National Pickling, Buckerfields and Co., Vancouver) were sown in vermiculite and grown in darkness for 6 or 7 days at 22 C. Plants were then brought into the laboratory under natural light conditions, left overnight, and used on the next day. Extraction Methods. Two cm "hypocotyl units" at the apical region of hypocotyls, shown to be responsive to GA4 (3), were excised and stored at 0 to 4 C in PES-P. The excised hypocotyls were blotted and fresh-weighed. All subsequent operations were performed at 0 to 1 C. Hypocotyls were generally extracted in an equal volume (1:1 w/v) of PES-P using a pestle and mortar. The resultant extract was filtered through eight layers of cheesecloth and centrifuged at 100,000g for 1 h using a Beckman ultracentrifuge (model L2-65B). In most experiments, the supernatant fraction, or 100,000g cytosol, was used directly in binding studies. In some cases, however, the cytosol was treated with either a saturated solution of (NH4)2SO4 or with solid (NH4)2S04 to yield in both instances a 0 to 60%o saturated (NH4)2S04 precipitate. The latter was centrifuged at 20,000g for 20 min to yield a pellet. Both the pellet and the sides of the tube were thoroughly washed with PES-P before finally resuspending the precipitate in a small volume of PES-P. The final protein concentration was generally between 2 to 5 mg ml-' and in the case of cytosol preparations about 1 mg ml-'. At this stage, the cytosol or RASP could be frozen using a dry ice/acetone mixture, and stored at -20 C. Only a small loss in binding capacity was noticed after the longest storage period of 6 months. However, all kinetic experiments were conducted using freshly prepared cytosol. All protein measurements were made according to the method of Lowry et al. (7) or by using Bio-Rad protein assay solution (Bio-Rad, Richmond, CA).
Gibberellins and Other Chemicals. [3,4- v) were dispensed into 2-ml test tubes along with any other GA analog or plant hormone as required, the latter all being dissolved in 100o ethanol. Solutions were quickly dried over N2 after which tubes were cooled to 0 C. Cytosol or RASP maintained at 0 C was added and the tubes vortexed. In initial experiments, samples were incubated overnight, although later 2-to 3-h incubation periods were used. Bound 3H activity was determined by Sephadex chromatography (see below). The terminology for binding used in this paper is that advocated by Ray et al. (8) and Sussman and Kende (12) . Thus, specific binding of [3HJGA4, which may occur with high affinity, be saturable and which may be of physiological significance, is distinguished from nonsaturable, low affinity binding by addition of excess (100-to 1000-fold) nonradioactive GA4 at the start of incubation. In experiments described under "Results," which were aimed at determining the effects of pH, degradative enzymes, etc., the aim was to find the effect of these treatments on the level of specific binding of [3H]GA4. All results described in the present report are representative experiments which were repeated three or more times with two replicates for each treatment in each experiment. The results were consistent between experiments.
Sephadex Chromatography. All chromatographic procedures were performed at 0 to I C. Sephadex G-50 columns (bed length 28 x 0.9 cm) were eluted under gravity using PES as elution buffer at a flow rate of about 55 ml h-' and 1-or 2-ml fractions were collected. Aliquots of 100 to 1000 ,ul cytosol were applied directly to the column. Only 100 to 200 ,ul RASP was loaded onto the columns. The bound fraction was generally collected in less than 10 min after initial loading of sample onto the column.
TLC Studies. The [3H]GA4-bound fraction was collected and 200-,ul aliquots dried over N2. The aliquots were taken up in 100 ,ul 100o ethanol and loaded onto Chrom-AR strips (Mallinckrodt Chemical Works). Strips were developed using benzene:acetic acid (4:1 v/v) and compared against authentic [3H]GA4 which had an RF of 0.4. 3H activity was assayed for as described previously (5 in the prescribed buffer (PES or PEP or PES-P) and the RASP was incubated with [3HJGA4 ±100-fold excess GA4 and assayed for specific binding by gel filtration. Table II shows that binding of[3HJGA4 was greatest in hypocotyl tissue that had been extracted in the presence of PMSF and sucrose (PES-P). Levels of [3H]GA4 binding in extracts derived from the GA-responsive apical region and the nonresponsive basal region of hypocotyls (3) were also compared. On a fresh weight basis, more binding was observed in extracts from the apical region of hypocotyls, but on a protein basis there was little difference (Table II) . Rate and Reversibility of Specific Binding. In experiments described so far, incubation of cytosol or RASP with [3HJGA4 was performed overnight. An experiment was carried out in which levels of specific binding were determined after various time periods up to 24 h. Figure 2 indicates that specific binding reached an equilibrium after less than 2 h and remained stable for at least up to 5 h, although after 24 h, a slight increase was indicated. A more detailed analysis of total binding with time indicates that the half-time of association may be less than 10 min and furthermore, that a large proportion of [3H]GA4 bound is exchangeable with unlabeled GA4 (Fig. 3) .
pH Sensitivity. The effect of pH on levels of specifically bound [3H]GA4 was tested using cytosol. The pH of the sample was adjusted by the addition of predetermined volumes of NaOH or H3PO4. Samples were then incubated in the presence of [3H]GA4 ± carrier GA4 (1000-fold) for 3 h. A marked pH optimum of 7.5 was observed for specific binding although total binding continued to increase with increasing pH (Fig. 4) (Fig. 5) binding to less than 20%o of the control value. They were followed by GA1 and GA3, which have lesser activity in this bioassay, which in turn were followed by GA5 and ketoGA,. Noticeably, however, even the biologically inactive GAs (GA8, iodo-GA, methyl ester, and GA26) and other plant hormones, such as kinetin and IAA, significantly reduced the binding. However, at the lower concentration (1.55 x 10-8 M) although the same correlation between biological activity and ability to reduce binding is maintained, it is clear that the inactive GAs or other plant hormones exerted little or no effect on the level of [3HJGA4 binding. At this concentration, even ketoGA, appeared to have little effect and fell within the same range as the inactive GAs or AbA or kinetin. The difference in the specifity data at the two concentrations of [3HJGA4 used may be due to a difference in the ratios of specific to nonspecific binding. It can be determined from the Scatchard plot (Fig. 5) 
